Haemophilus inyuenzae (NCHI) for epidemiological studies was validated by application to four outbreak-associated and three epidemiologically unrelated NCHI strains of the same phenotype which had been well characterised by other methods. The REP-PCR patterns were reproducible and showed the unrelated isolates to be distinguishable from each other, whereas the outbreak-associated isolates were indistinguishable. The results were concordant with those from outer-membrane protein enriched profiles, ribotyping and randomly amplified polymorphic DNA analysis. When applied to six further isolates from two different suspected outbreaks, rapid results were obtained from boiled supernates prepared from one colony and indicated that the isolates in question were not related. REP-PCR provides a rapid method of strain characterisation suitable for NCHI, which is ideal for use in conjunction with other methods.
Introduction
Non-capsulate Haemophilus influenzae (NCHI) is associated with respiratory tract infections and outbreaks of infection have been reported [ 1, 2] . NCHI is now also recognised as an important cause of invasive disease [3, 4] . NCHI strains are extremely diverse and there is no universally accepted typing method for epidemiological investigations. Outer-membrane protein (OMP) analysis and ribotyping are useful but labour intensive and time-consuming techniques [ 51. PCR-based methods should provide more rapid results, enabling timely infection control procedures to be implemented. The results from randomly amplified polymorphic DNA (RAPD) analysis were shown to be concordant with OMP analysis and ribotyping [5] , but the reproducibility of RAPD patterns is questionable as relatively low annealing temperatures that allow mismatches and a degree of non-specific binding of primer to template are used. Therefore, target-specific PCRbased methods that use higher annealing temperatures are preferable to RAPD. PCR-based ribotyping, which detects variation in the length and sequence of spacer regions within rDNA loci, has been applied successhlly to the characterisation of some bacterial species [6] , but the rDNA loci in NCHI have been shown to be extremely conserved and unsuitable for this purpose ~71.
Amplification of variable genomic DNA between adjacent copies of conserved sequences -repetitive extragenic palindromic (REP) or enterobacterial repetitive intergenic consensus (ERIC) sequencesdistributed throughout the genome has been shown to discriminate within and between bacterial species [S] . Inter-REP amplification has been applied successfully to epidemiological studies of a wide range of bacterial species including methicillin-resistant Staphylococcus aureus (MRSA) [9] and Streptococcus pneumoniae [ 101. Van Belkum et al. amplified inter-ERIC DNA from NCHI and showed the results to be concordant with OMP analysis [ 1 11. However, these studies required relatively large numbers of organisms and lengthy DNA extraction procedures that are complex and too time-consuming for routine clinical laboratories. Simple, rapid methods of target DNA preparation are necessary for strain characterisation to be undertaken readily by hospital-based laboratories.
The present study determined the suitability of inter-target DNA was also investigated and the technique was applied to two putative outbreaks of respiratory infect ion.
Materials and methods
The details of the bacterial isolates studied are given in Table 1 . Isolates Al-A7 were characterised in a previous study [5] . All isolates were biotyped by previously described methods [ 121 and their susceptibilities to ampicillin, chloramphenicol, cefotaxime, trimethoprim, rifampicin and tetracycline were determined by disk diffusion in the PHLS Haemophilus Reference Laboratory (HRL). Epidemiologically unrelated isolates with the same susceptibility and biotype as the suspected outbreak strain were selected from the HRL database and included for comparison. This was done to help exclude the possibility that indistinguishable isolates were representatives of a common clone rather than epidemiologically related isolates of the same strain.
Target DNA was prepared from overnight cultures by extraction with guanidium thiocyanate and precipitation with isopropanol as described previously [5] and DNA concentration was determined by absorbance at 260 nm. Boiled supernates were prepared from one colony as described previously [5] . Amplification reactions, in a total volume of 25 pl, contained 25-50pmol of each primer (REP1R-Dt and REP2-Dt) [8, 131 , 250 p~ of each dNTP, 1 U of Taq polymerase (Advanced Biotechnologies, Leatherhead, Surrey), 1 X buffer (provided with the polymerase and containing 2 mM (NH4)2S04, 75 mM Tris-Cl, pH 9.0, Tween 20 0.1%, 1.5 mM MgC12), and 100-200 ng of target DNA (or 1 pl of boiled supernate). The PCR thermocycle conditions comprised 7 min at 94°C followed by 32 cycles of 1 min at 94"C, 1 min at 40°C and 8 min at 72°C with a final extension period of 16 rnin at 72°C. A reagent blank (negative control) containing all reagents except target DNA was included with each batch. Products were separated by electrophoresis in agarose 1.6% gels in Tris-borate ED714 buffer (89 mM Tris-C1, 89mM borate, 2 mM EDTA, pH 8.3) containing ethidium bromide 1 pg/ml and photographed under UV light.
Results
Both purified DNA and boiled supernates from the initial seven isolates ( Table 1 , A1 -A7) were repeatedly subjected to REP-PCR. For each extraction method, the patterns obtained on different days were indistinguishable. The patterns resulting from the different extraction methods were essentially the same, although some of the larger DNA products (> 1 kb) were sometimes missing from the boiled supernate preparations, generally when more organisms had been emulsified or when the supernates had been stored at -20°C. The three epidemiologically unrelated strains gave different patterns (Fig. la, tracks 2-4) , although two of the unrelated controls (isolates A2 and A3) gave similar, but distinguishable, patterns (Fig. la, tracks 3 and 4) . The outbreak-associated isolates gave indistinguishable patterns (Fig. la, tracks 5-8 ).
For the isolates from the suspected outbreaks at hospitals B and C, boiled supernates were prepared and used on the same day. The three isolates from hospital B all gave clearly different patterns (Fig. lb,  tracks 1 -3 ), indicating that they were unrelated; isolate B3 had a different biotype from the other two isolates (Table 1) . Interestingly, two of the controls (B5 and B6) were indistinguishable, suggest- ing that a clone (or common type) might be present within this phenotype (Fig. lb, tracks 5 and 6 ). The three isolates from hospital C also gave readily distinguishable REP-PCR patterns; these could be distinguished also on the basis of phenotype (Fig.  lb, tracks 7-9 ; Table 1 ). The unrelated strains gave different patterns (Fig. 1 b, tracks 10-12) . Isolates B4 and C2 gave indistinguishable patterns (Fig. lb, tracks  4 and 8 ), although these isolates had different biotypes and antibiotic susceptibilities (Table 1 ) which indicated that they were different strains. In general, no products were detected in the negative controls, although occasionally very faint bands were seen; these did not interfere with the REP-PCR patterns (Fig. la, track 9 ).
Discussion
PCR-based methods of strain characterisation provide a potentially simple, rapid and effective means of distinguishing strains in outbreaks. RAPD analysis initially appeared to provide such a method, but reproducibility problems have rendered the method virtually obsolete. Although, in this laboratory, RAPD analysis of NCHI performed several times within a short time period (several weeks or a few months at most) resulted in the same patterns for the same isolates, different patterns were obtained when the same isolates were resuscitated from stocks stored at -70°C 1 year later. Different sources of thermostable polymerase and thermal cyclers have been shown to affect banding patterns [14] but, even when these are standardised, variation in patterns may occur. Variation in DNA concentration has been shown to significantly affect the reproducibility of RAPD patterns [ 151. PCRribotyping and restriction analysis of rDNA amplification products failed to distinguish unrelated strains [7] . Amplification of inter-repeat element genomic DNA offers an alternative PCR-based approach that uses higher and more stringent temperatures for annealing than RAPD and hence should be more reproducible.
The present study validated REP-PCR for the characterisation of NCHI by application of the method to well characterised strains. The loss of the larger bands in patterns obtained from boiled supernates may be caused by target DNA degradation in the crude preparation. Alternatively, it may be a result of much lower target DNA concentration, as suggested for RAPD [15] . However, the similarity of patterns for isolates A2 and A3 (these differed only in the presence of faint small bands and the intensity of a large band) which had given clearly distinguishable OMP, ribotyping and RAPD patterns (each technique showed several distinct band differences between these strains), and indistinguishable patterns for strains B4 and C2, distinguishable by biotyping and antibiotic susceptibility, underlines the need to use at least two different typing methods in outbreak investigations, especially when isolates suspected to be related epidemiologically are indistinguishable. Results from molecular typing investigations should be interpreted in conjunction with other laboratory results and epidemiological information. The REP-PCR patterns are a reflection of the distribution of REP-like sequences around the genome, but the biological significance of this, if any, is unknown. As this genotyping method is almost certainly unrelated to other methods and is reproducible, technically simple and can provide a rapid result, it is ideal to use in combination with more established methods in outbreak investigations.
Boiled supernates enabled rapid characterisation of isolates from suspected outbreaks, providing a result on the same day as receipt of isolates. Such simple methods of target preparation are adequate for many gram-negative bacteria, but gram-positive organisms often require more complex extraction procedures [9, 101. The ability to confirm (or refute) the existence of an outbreak on the same day enables cross-infection precautions to be lifted or continued as appropriate with a minimum waste of resources. The use of REP-PCR, possibly together with another, independent target-specific PCR fingerprinting method such as inter-ERIC PCR, should enable any laboratory with PCR technology to characterise NCHI, as well as a range of other bacterial species associated with nosocomial infections.
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